Background: Children generally have a higher nasal resistance than adults. Growth changes the size and different anthropometric parameters of the nose. Logarithmic effective resistance and logarithmic vertex resistance were introduced as physically correct parameters for nasal obstruction. The previously published classification of obstruction derived from 36,500 measurements is missing data for patients aged 7 to 19 years.
Introduction
Since the time of Leonardo da Vinci and Albrecht Dürer, many parameters providing a numerical description of the role of the nose in human facial aesthetic function have been established.
Additionally, the changes in these parameters during growth have been extensively described (1) (2) (3) (4) in 2015 and 2016 (8, 9) . The measurement methods and the correctness of the parameters in four-phase rhinomanometry were confirmed at the 2016 ISCOANA conference and now represent the new standard in rhinomanometry (10) . The current classification of nasal obstruction in adults is only valid for the Caucasian population.
Children generally have higher nasal resistance than adults.
Growth changes the size and anthropometric parameters of the nose. Additionally, the rate of trivial infections is higher in children, mainly because of the influence of the adenoids. These features of children implicate that the classification of nasal obstruction must be corrected according to the patient's age or the parameters that typically change during growth.
In the present study, we investigated the influence of age and growth on parameters characterising nasal resistance and developed a method with which to adapt rhinomanometric values and the existing classification according to age.
Materials and Methods

This study was approved by the Ethics Committee for Clinical
Research at the University of Latvia (No. 260912-8L). In total, 225 children and adolescents (90 male, 135 female) with no history or symptoms of acute or chronic diseases of the nasal airway were investigated by four-phase rhinomanometry either within a classroom or within a specialised outpatient clinic. All patients' parents provided written informed consent. Patients suspected to have active nasal disease were examined by an ear, nose, and throat surgeon before rhinomanometry. Active anterior rhinomanometry was carried out on both nasal sides using a four-phase rhinomanometer (HRR3 or 4RHINO; Rhinolab, Freiburg, Germany) with software version 4.31 or 5.01. The coupling of the pressure tube was performed exclusively by tape to preserve the motility of the nasal valve. All patients remained in a sitting position in a classroom at room temperature. The children's position allowed them to see their 'breathing waves' on the computer screen, and all were very cooperative during the procedure. Hence, the data contained no missing results caused by technical errors.
The investigations were repeated 10 min after application of 0.05% xylometazoline spray without benzalkonium chloride as a decongestant in the 7-to 10-year-old group (Group A) and with 0.1% xylometazoline spray in the 11-to 15-year-old and 16-to 19-year-old groups (Groups B and C, respectively). In total, 876 measurements were performed (11) (12) (13) . Therefore, within the concept of analysing the nasal air stream in growing children, it was necessary to identify parameters related to the size of the nasal air channel. We selected the parameters listed in Table 1 and depicted in Figure 1; i.e., nasal base, alar width, lateral nasal length, head circumference, upper lip length, nostril width, nasal height, nostril length, and nasal length. These parameters are easy to measure with high intraindividual and inter-individual reproducibility for clinical use or further studies.
For statistical elaboration the measured rhinomanometric data were transferred to Excel tables by the export function of the HRR3 or 4RHINO program. The entire data analysis was carried out using the program SPSS version 22 (IBM Corp., Armonk, NY, USA).
Results
Step 1: Determination of anthropometric parameters
The descriptive statistics for the anthropometric measurements are summarised in Table 1 , and the most important parameters obtained in the three different age groups are shown in Figure 2 .
The analysis of the age dependency of single parameters clearly Figure 1 . Growth-dependent anthropometric parameters in males and females. NB, nasal base; AW, alar width; LNL, lateral nasal length; ULL, upper lip length; NoW, nostril width; NH, nasal height; NoL, nostril length; NL, nasal length. shows that the highest increments were measured for nasal length and lateral nasal length, followed by nasal height. The nasal base and upper lip length showed lower absolute increments because of their minor dimensions. The nostril dimensions seemed to be almost finally determined at the age of 6 to 8
years. These observations are generally well known because the length and height of the nose preeminently determine its size and aesthetic role in the midface. It is also of interest that the length of the nostril increases during the growing period, while the width is smaller in adults as in children. We observed this tendency in both sexes. The differences in the nasal length and lateral nasal length were higher between Groups A and B than between Groups B and C.
To select an anthropometric parameter that was alternatively suitable for adaption of the resistance classification to age, it was necessary to identify the best correlation between age and these parameters.
The best correlation was between the lateral nasal length and age. The lateral nasal length is also the parameter that can be most easily measured.
Step 2: Determination of rhinomanometric parameters (four-phase rhinomanometry)
The aim of this investigation was to extend the classification of the resistances measured by four-phase rhinomanometry from adults to the age of 7 to 19 years. Previous studies have shown that one-point measurements of the resistance at 75, 10, or 150
Pa are remnants of the graphical evaluation of rhinomanometric curves and that these values are not related to the subjective sensing of obstruction. Therefore, we followed the new standard (10) in the present study, restricting the parameters to those for which a classification of obstruction in adults was published. The derivation of the parameters has been previously described (3) .
The following parameters were used: logarithmic vertex resistance in inspiration and expiration, logarithmic effective resistance in inspiration and expiration, and logarithmic effective resistance throughout the entire breath.
The descriptive statistics for the rhinomanometric measurements are shown in Table 3A and B. As expected, the mean values for the logarithmic effective resistance during the entire breath as well as for inspiration and expiration separately were very similar. Additionally, the average values for the vertex resis- Apart from the three p-values with asterisks, all p-values were significant at a level of 0.01 (two-tailed).
NL, nasal length; NH, nasal height; LNL, lateral nasal length; LVRin, logarithmic vertex resistance in inspiration; LVRex, logarithmic vertex resistance in expiration; LReffin, logarithmic effective resistance in inspiration; LReffex, logarithmic effective resistance in expiration; LReff, logarithmic effective resistance throughout the entire breath.
tance in inspiration and expiration were within the same range; differences in these values appeared after decongestion by xylometazoline spray. This was expected and corresponds with our previous investigations in adults (8, 9) . The values for the effective and vertex resistance only differed when the nasal valve influenced the measurement. The logarithmic effective resistance is the most important parameter for assessment of nasal obstruction, while the vertex resistance is an important parameter when considering the nasal air stream by computational fluid dynamics.
The logarithmic vertex resistance is measured in the steady part of the nasal breathing cycle. Step 3: Determination of correlations and regressions between age and resistance data A statistically based enhancement of the resistance classification should be based on the best correlation between age and resistance. A general correlation analysis between age and all resistance parameters was first carried out using Pearson's and Spearman's correlation coefficients.
The correlation with both characteristics was highly significant at a level of p = 0.01 (two-sided). This result was slightly different between the two sexes. Generally, the values in expiration seemed to correlate better than the values in inspiration.
Consequently, we had to conduct a linear regression between one of the resistance parameters and age to obtain a leading correction parameter for enhancement of the classification to children and adolescents. The anthropometric parameters measured in this study are comparable to those in recent studies of nasal growth (1) (2) (3) .
These studies also showed that the growth velocity is highest between 9 and 14 years. Even at higher ages, growth can change the characteristics of the face. The results of the present study are in agreement with studies of general growth of boys and girls as observed by Buck and Brown (4) and comprehensive growth analyses published by the World Health Organization.
The above-mentioned references as well as the analysis of the anthropometric parameters in the present study confirm that the relationship between anthropometric parameters and age is exponential but non-linear.
Quantitative investigations of the nasal respiratory pattern during growth and development were carried out by Laine-Alava and Minkkinen (14) , who concluded that guidelines for adults are applicable from 16 years of age on. The present results show that growth-dependent changes can be expected up to the age of 19 years in boys.
We expected to find that the nasal resistance diminishes with increasing dimensions of the nasal airway, but it seems remarkable that the decrease in the logarithmic nasal vertex resistance or logarithmic effective resistance is linear but not exponential. The classification of obstruction as shown in Table 6 is more reliable for the 'green' classes (i.e., the healthy noses after decongestion), while classes 3 to 5 are built from material that is much smaller because of the comparative classification in adults from 36,500 measurements (8) .
The observation that the lateral nasal length has a very significant correlation with age is important if analyses of the face are carried out before intended corrections of the face by orthodon- LReff, logarithmic effective resistance; SE, standard error.
